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Abstract A step-wise procedure for the regen-
eration of fertile plants by organogenesis from
cultures of the economically important Phaseolus
angularis L., cultivars: KS-6, KS-7 and KS-8
using etiolated seedlings was established. Pre-
culture of 5-day old seedling explants with MS
(Murashige and Skoog (1962) Physiol Plant
15:473–493) + B5-vitamins (Gamborg et al.
(1968) Exp Cell Res 50:151–158) liquid medium
containing either 5.0 lM TDZ or 5.0 lM BAP
under dark condition was essential for organo-
genesis. Bud growth and shoot multiplication
were stimulated by reducing the BAP concen-
trations from 5.0 to 2.5 lM after 3 weeks. The
maximum frequency of shoot induction was
65.2% (33.8 ± 2.54 shoots/explant) in cultivar
KS-8 followed by KS-7 34.6% (23.4 ± 1.91
shoots/explant) and KS-6 30.6% (21.2 ± 2.28
shoots/explant). The multiplied buds elongated
after transferring to solid MSB5 medium sup-
plemented with 4.0 lM GA3, 12.5 lM AgNO3
and 0.4 lM IBA. Up to 98% rooting efficiency
of was obtained when the shoots were pulse-
treated with liquid medium containing 4.5 lM
IBA for 10 min. The rooted plantlets were
transferred to pots in the greenhouse, where
they grew, mature, flowered and bared pod
normally. The efficient shoot bud induction
capability was found to be cultivar dependent.
All the three cultivars tested formed multiple
shoots. This efficient and rapid regeneration
system may also be helpful for Agrobacterium-
or particle gun-mediated transformation for this
important legume crop.
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Introduction
Azuki bean (Phaseolus angularis L.), is one of the
major staple crops in many parts of Africa, Asia
and Latin America and serves as a source of
primary nutrition to millions of people because of
its high protein content. Genetic improvement
of Phaseolus through classical breeding is limited
(Angenon et al. 1999), and is susceptible to many
pathogens including several viral, fungal and
bacterial pathogens (Cruz de Carvalho et al. 2000;
Graham and Vance 2003). The improvement of
Phaseolus species using genetic engineering is a
viable option, which necessitates the availability
of a rapid and efficient regeneration system. In
Phaseolus, organogenesis and somatic embryo-
genesis has been reported using various explants
(Veltcheva et al. 2005; Varisai Mohamed et al.
2006). However, while the plant regeneration of
several domesticated genotypes of P. polyanthus
Greenman (year bean) have also been reported by
Zambre et al. (2001). However, in spite of spo-
radic success with genetic transformation (Russell
et al. 1993; Aragao et al. 1996; Dillen et al. 1997;
De Clercq et al. 2002), Phasolus species are still
considered to be a recalcitrant for in vitro culture
and transformation. In a previous report, we have
described an efficient system for somatic
embryogenesis via cell suspension cultures using
leaf embryogenic callus in Phaseolus angularis
L. (Varisai Mohamed et al. 2006). The present
investigation was initiated with an aim to optimize
an in vitro regeneration system for Phaseolus
angularis. We first optimized suitable conditions
including cytokinin types, and explant pre-culture
conditions to determine the factors influencing the
process of shoot regeneration. We believe that our
findings could facilitate genetic transformation for
this important legume and may also be applicable
to other related species.
Materials and methods
Sterilization and germination
Three agronomically important Phaseolus angu-
laris L. cultivars KS-6, KS-7 and KS-8 were
obtained from Kao-hsiung District Improvement
and Experiment Station, Taiwan. The seeds were
washed in running tap water containing a few
drops of teepol (0.1%) and sterilized by a quick
rinsing (30 s) in 70% (v/v) ethanol, 10 min in
solution containing NaOCl (3.0% Clorox) plus a
few drops of Tween-20 (polyethylene sorbitan
monooleate; Nutritional Biochemicals, Cleve-
land, OH, USA). The seeds were then treated
with 0.2% (w/v) mercuric chloride for 5 min with
gentle shaking and subsequently washed thor-
oughly several times with sterile water to remove
any residual disinfectants. The seeds were then
soaked in a conical flask containing 75 ml of
sterile deionized water, overnight at 25 ± 2 C to
soften the seed coat. Prior to germination, seed
coats were bruised with a scalpel (without dam-
aging the embryonic axis) and germinated in the
MS basal salts plus B5 vitamins at 25 ± 2 C under
cool-white fluorescent tubes (25 lmol m)2 s)1).
The pH of the medium was adjusted to 5.7, then
the medium was solidified with 0.24% gel-rite and
50 ml of the medium was poured into MagentaTM
GA7 Vessel (Magenta Corporation, Inc., Chi-
cago, IL and autoclaved at 120 C for 20 min).
Excision and pre-culture of explants
Epicotyl explants (0.5 mm size) excised from
5 days old (2–4 cm long) etiolated seedlings were
used as the experimental material. Explants were
tested for shoot bud induction by pre-culturing
them on MSB5 (MS salts + B5 vitamins) solidified
or liquid medium comprising with 5.0 lM TDZ or
5.0 lM BAP. Prior to this, an optimal concen-
tration of either BAP or TDZ was determined by
culturing the explants on MSB5 medium (solid
and liquid) with different concentrations (0, 5.0,
10, 15 and 20 lM). The effect of light/dark con-
ditions during pre-culture of explants on MSB5
solid and liquid medium with 5.0 lM TDZ or
5.0 lM BAP was also studied.
Shoot-bud induction
For shoot-bud induction, explants were blotted
dry on sterile filter paper and were then planted
horizontally (with cut ends of the explants in
contact with the medium) onto MSB5 medium
supplemented with 30 g l)1 sucrose and 100
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mg l)1 myo-inositol with four different concen-
trations of cytokinins, TDZ (0, 5.0, 10, 15 and
20 lM) or BAP (0, 5.0, 10, 15 and 20 lM). For
each treatment, about 10–12 explants were inoc-
ulated per Petri dish (90 · 15 mm). Five sets of
experiments were conducted with 85–100 healthy
epicotyl explants for each treatment and the
mean induction rate for each set was taken as the
final observation. The Petri dishes were sealed
with Parafilm and the cultures were incubated at
25 ± 2C in the cool-white fluorescent tubes
(25 lmol m)2 s)1). Explants were subcultured
every 2 weeks on medium and the results were
scored after 4–5 weeks of incubation.
Proliferation of multiple shoots and shoot
elongation
To promote bud development and multiple shoot
induction, adventitious shoots were maintained
on a multiplication medium, consisting of MS
salts, B5 vitamins and supplemented with BAP
(2.5 lM), and cultured for 1 month, later the
clumps were subcultured directly as well as dis-
sected into four to eight pieces depending on their
size and subcultured. After 1 month of culture,
the multiple buds along with some normal shoots
induced at the base of the explants were recorded
for each cultivar (percentage of explants that
produced multiple shoots divided by the total
cultured explants on medium). The remaining
portion of the explants, along with shoot buds,
was transferred to fresh medium every 2 weeks
till the shoots attained a height of 3–4 cm. Mul-
tiplied shoots (3–4 cm) originating from the cut
edges of the explants were separated and sub-
jected for shoot elongation. Media supplemented
with gibberellic acid (GA3) (2.0–8.0 lM) plus
IBA (0.4 lM) and AgNO3 (12.5 lM) were stud-
ied for their effects on shoot elongation. After
2 weeks, elongated shoots (5–7 cm) from each
cluster of a single explant were counted and
calculated to give a value for shoot initiation.
Rooting
Elongated, well developed individual shoots
(4–7 cm in long) with four to eight leaves were
separated from the proliferated clumps and
transferred onto rooting medium i.e. pulse-treat-
ment with MSB5 liquid medium comprising with
filter sterilized indole-3-butyric acid (IBA) (0, 2.5,
4.5, 6.7, 8 and 9 lM) for 10 min and subsequently
cultured on MS basal full-strength solidified
medium containing 3% sucrose. In another
experiment, the elongated shoots were directly
rooted on solidified medium containing different
concentrations (0, 2.5, 4.5, 6.7, 8, 9 lM) of IBA.
The percentage of rooted shoots, length of roots
and the number of roots per shoot were recorded
for each treatment.
Hardening and acclimatization
The shoots with developed roots from the cultures
were transplanted to pots (6.0 cm) containing a
sterilized commercial potting mix, sand, and peat
(4:3:3 v/v/v) and maintained under high humidity
with a flux rate of 25 lmol m)2 s)1 for 2 weeks
before planting to greenhouse. When survived, the
plantlets were transferred to earthen pots (18 cm)
filled with soil mix (peat, perlite, and vermiculite in
equal proportions 1:1:1 v/v/v) and grown to matu-
rity. The survival percentage was calculated after
5 weeks in the greenhouse. Seeds were obtained
from the plants that grew normally and fertile.
Photomicrography
Samples were photographed at different stages of
growth period under microscope (Nikon Coolpix
990, Japan; Leica MPS 52; Zeiss (Stemi SV11),
and Nikon-Labophot-2 (HFX-IIA)).
Statistical analysis
For each experiments 85 to 100 seedlings were
used (i.e. approximately 85–100 explants/cultivar)
and each experiment was repeated five times.
Counts were made every 2 weeks and treatment
effects were recorded on the basis of the number
of shoots regenerated from the cut ends of
explants. A completely randomized design was
used in all experiments and analysis of variance
and mean separation were carried out using
Duncan’s Multiple Range Test (DMRT) and the
significance was determined at the 5% level
(Gomez and Gomez 1976).
Plant Cell Tiss Organ Cult (2006) 86:187–199 189
123
Results
Explant source and factors affecting
germination
All three de-coated Phaseolus angularis cultivars
(KS-6, KS-7 and KS-8) germinated within 4–5
days on hormone-free MS salts + B5 vitamins
medium (MSB5). However, in all cultivars, the
germination rate varied by about 40–60% or
more in the presence of the seed coat (data not
shown). In this study, we used de-coated seeds
rather than coated seeds to obtain uniform
germination (100%) and more uniform etiolated
seedling explants. In contrast, the seedlings
developed from seeds with seed coats failed to
produce uniform seedlings within short period.
This could be attributed by seed coat factors such
as dormancy or release of phenolic compounds,
which caused blackening of the culture medium
during germination.
Effects of pre-culture
Explants of Phaseolus angularis cultivars were
pre-cultured in liquid and solid MSB5 media for
3rd, 5th or 7th days to compare the effects of
media on shoot bud regeneration (Table 1). The
media were supplemented with either 5.0 lM
BAP or 5 lM TDZ. Prolonged exposure of TDZ
or BAP was not required for organogenesis as
pre-culture with liquid medium for 5 days was
sufficient. However, with respect to the length of
time of pre-culture in liquid medium supple-
mented with TDZ or BAP, the regeneration rate
decreased drastically from 95.8% to 69.4% but
the organogenic potential was high. While the
pre-culturing in solid medium containing TDZ or
BAP did not result in explant necrosis but the
organogenic potential was less.
Explant orientation and bud induction
The effects of BAP and TDZ on in vitro shoot
differentiation from etiolated epicotyl explants of
Phaseolus angularis L. were optimized (Table 2).
All the pre-cultured explants demonstrated swell-
ing as well as early signs of shoot bud
differentiation when they were cultured in the
MSB5 medium in an horizontal position and
formed adventitious buds and micro shoots at both
ends (Fig. 1a–c). In general, explants inoculated on
all the concentrations produced shoot buds except
on hormone-free medium. Though the high fre-
quency (65.2%) of bud differentiation was ob-
tained on MSB5 with 5.0 lM TDZ medium, the
mean number of elongated shoots per explant was
high on BAP combined medium after a period of
4 weeks. Adventitious shoots developed directly
from pre-cultured explants within 4 weeks with a
Table 1 Effect of pre-culturing of etiolated explants (epicotyl) excised from 5 days old seedlings of P. angularis cv. KS-6,
KS-7, and KS-8
Media with pre-treating hormones Time of transfer
(days)
Pre-culturing explants survival (%)
KS-6 KS-7 KS-8
Liquid MSB5 with 5 lM TDZ 3 89.2 ± 1.5
f 88.8 ± 2.05e 95.8 ± 1.83a
5 91.0 ± 1.26e 91.6 ± 1.24d 90.4 ± 2.22c,d
7 69.8 ± 2.08h 70.8 ± 1.67f 75.8 ± 2.35f
Liquid MSB5 with 5 lM BAP 3 92.6 ± 1.86
d 91.2 ± 2.59d,e 92.0 ± 2.23d
5 87.2 ± 3.14f 85.4 ± 3.02e,f 92.4 ± 1.66c
7 75.0 ± 2.27g 50.8 ± 4.17g 69.4 ± 2.04g
Solid MSB5 with 5 lM TDZ 3 96.2 ± 1.23
b 94.2 ± 1.62b,c 95.6 ± 1.50a,b
5 91.2 ± 2.48d,e 92.4 ± 2.13c 92.2 ± 1.49b
7 92.6 ± 2.08d 92.4 ± 1.8c 89.2 ± 3.11e
Solid MSB5 with 5 lM BAP 3 96.0 ± 0.71
b,c 94.4 ± 1.4b 95.8 ± 1.11a
5 96.6 ± 0.87a,b 96.2 ± 0.73a 93.8 ± 1.88b,c
7 97.8 ± 0.37a 94.6 ± 1.45a,b 94.0 ± 1.31b
Each experiment consisted of five replicates and the data were represented as mean ± SE with significance being
determined at P < 0.05 level using DMRT
190 Plant Cell Tiss Organ Cult (2006) 86:187–199
123
slight intervening callus phase when cultured on
MSB5 medium supplemented with BAP or TDZ in
different levels (Fig. 1d). Interestingly, shoot bud
induction was much higher at the apical cut end
while their basal end formed non-friable green
callus with meristematic nodules that became
adventitious buds and shoots derived on the sur-
face of the explants (Fig. 1a–c) (data not shown).
The green shoot-buds were excised and subcul-
tured on the same media, as a result, they were able
to induce more adventitious shoot buds with a
minimal malformed appearance. In subsequent
passages, the explants gave rise to more shoots
(Fig. 1d–h), which were excised and could be fur-
ther developed into normal plants.
Effect of BAP and TDZ on shoot
organogenesis
The optimal medium supplements for shoot bud
formation was either 5.0 lM TDZ or 5.0 lM
BAP. Among two cytokinins tested, the optimal
TDZ concentration was around at 5.0 lM, but
even at concentrations as high as 20 lM shoot
buds could still be induced at a frequency com-
parable with that on 2.5 lM TDZ. Any further
increase in TDZ concentration led to decrease
in number of shoot buds (Table 2). A large
percentage of these shoots were weak, hyperhy-
drated and with reduced number of leaves in
contrast to the development of normal shoots on
a medium with 5.0 lM TDZ. On the contrary,
BAP at equal molar (5.0 lM) concentration
normal shoot bud development was markedly
enhanced. In the absence of BAP, no shoot bud
development was found in the MSB5 medium.
However, the best response of shoot bud induc-
tion was obtained at 5.0 lM BAP with an average
of 16–18 shoots/explant within 4 weeks. BAP
concentration above 5.0 lM caused a decline in
number of shoots per explant. Both BAP and
TDZ at 5.0 lM was the best concentration for
bud formation with an average of 18 (65%) shoots
per explant.
Effect of initial dark/light incubation on shoot
bud induction
The effect of photoperiod conditions on shoot
bud induction was also optimized. The frequency
of regenerating explants markedly increased
when cultures of all the cultivars were pre-cul-
tured in the dark. Whereas, when cultures were
pre-cultured in the light (25 lmol m)2 s)1) the
bud formation rate were reduced up to 50% in
most of the cultivar explants (Table 3).
Table 2 Adventitious bud formation from pretreated explants of azuki bean following subculture with different
concentrations of BAP or TDZ for 4 weeks
Growth regulators (lM) Pre-cultured explants inducing shoots (%)
Liquid medium Solid medium
KS-6 KS-7 KS-8 KS-6 KS-7 KS-8
TDZ
00 0 0 0 0 0 0
2.5 17.4 ± 1.08d 17.4 ± 1.57d,e 25.4 ± 1.59d 5.4 ± 0.75d 5.8 ± 0.80d,e 10.8 ± 1.24d
5.0 30.6 ± 1.36a 34.6 ± 2.78a 65.2 ± 4.27a 9.6 ± 0.60a 11.6 ± 1.46a 23.8 ± 2.03a
10 25.2 ± 0.66b 32.2 ± 2.67a,b 63.8 ± 5.03a,b 7.4 ± 0.75b 8.2 ± 0.73b 20.6 ± 1.69b
15 20.4 ± 1.21c 23.6 ± 1.07c 50.4 ± 3.59c 4.8 ± 0.38d,e 6.0 ± 0.44d 13.4 ± 0.68c
20 10.0 ± 1.30f 15.6 ± 2.04e 23.4 ± 1.43d,e 4.0 ± 0.31e,f 4.6 ± 0.40f 8.0 ± 0.54e
BAP
00 0 0 0 0 0 0
2.5 8.0 ± 1.18g 9.2 ± 1.37f 8.8 ± 0.73h 3.8 ± 0.37f 3.2 ± 0.20g 3.4 ± 0.25g,h
5.0 16.0 ± 1.0d,e 17.6 ± 1.69d 18.0 ± 1.0f 7.0 ± 0.54c 6.2 ± 0.37c,d 7.4 ± 0.25e,f
10 8.6 ± 0.81f,g 7.6 ± 1.07f,g 9.8 ± 0.38g 4.2 ± 0.58e 3.6 ± 0.60f,g 3.8 ± 0.38g
15 7.6 ± 0.69g,h 7.0 ± 0.89g 9.0 ± 0.45g,h 3.0 ± 0.31f,g 2.4 ± 0.24h 3.0 ± 0.32h
20 4.0 ± 0.44i 6.0 ± 0.45g,h 8.4 ± 0.25h,i 3.0 ± 0.45f,g 2.2 ± 0.20h,i 3.0 ± 0.45h
Each experiment consisted of five replicates and the data were represented as mean ± SE with significance being deter-
mined at P < 0.05 level using DMRT
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Effect of cultivar
All three cultivars were significantly different in
their ability to form shoot buds, as summarized in
Table 2. Cultivar ‘KS-8’ showed the highest per-
centage of shoots from one explant (65.2%) on
medium with 5.0 lM TDZ. However, on the same
regeneration medium, the cv. KS-7 and KS-6 re-
sponded moderate with maximum frequency of
shoot regeneration 30.6% and 34.6%, respec-
tively.
Shoot multiplication
Explants with micro shoots were selected and
transferred to MS + B5 medium with 2.5 lM
BAP or TDZ, and maintained by subculture at 2-
week intervals on the same medium. At 2.5 lM
BAP, the shoot buds expanded and developed
into multiple shoots (around 21–33 shoots/ex-
plant) up to 4 cm in length (Fig. 1i–k) (Table 4).
Further increase in BAP concentration caused
reduction in shoot multiplication and remained
unchanged in size and morphology. In another
experiment, on MSB5 medium with 2.5 lM TDZ,
shoots and multiplied buds did not show any
significant growth. However, few buds developed
into shoots which had a less elongated main shoot
with basal green callus and with no multiple
shoots (data not shown). Thus it was noted that,
the medium containing 2.5 lM BAP was optimal
for conversion of multiplied buds into shoots
within 3–4 weeks and with simultaneous forma-
tion of new more and buds/shoots.
Effect of GA3 on shoot elongation
The multiplied shoots were transferred to the
shoot elongation medium. Media supplemented
with GA3 4.0 lM in combination with IBA 0.4
and 12.5 lM AgNO3 was found to be optimal for
shoot elongation (Table 5 and Fig. 1l, m). How-
ever, treatment with GA3 at 8.0 lM showed an
inhibitory effect on growth as compared with the
low concentration (4.0 lM).
Rooting and hardening
Isolated single shoots pulse-treated with different
concentration of IBA (0, 2.5, 4.5, 6.7, 8.0 and
9.0 lM), 10 min and cultured on MSB5 medium
showed difference in rooting response (Table 6).
An average of 82–98% pulse-treated shoots
showed root induction with 20–24 roots per shoot
(Fig. 1n). The best rooting response (98%),
however, was achieved when shoots were pulse-
treated with 4.5 lM IBA for 10 min and subse-
quently transferred to semi-solid MSB5 combined
medium. The root induction was observed within
2 weeks of treatment but the complete root
developments that were suitable for hardening
took 4 weeks. On the other hand, the shoots that
elongated to 4–7 cm in height when directly
cultured on MSB5 solid medium containing
4.5 lM IBA induced rooting. However, the effi-
ciency of root induction was 5–7 per shoot. Both
of these systems were successful with all the
cultivars tested but only with little differences in
percentage of root production. Plantlets were
successfully hardened with 90% survival. The
survived plants were fertile and set seeds
(Fig. 1o). The entire procedure starting from
shoot-bud induction to establishing a plant
under greenhouse conditions took approximately
3–4 months (Fig. 2).
Discussion
In recent years, many research groups have been
involved in establishing reliable regeneration
procedures for agronomically important legumes,
because it would be a primary step to facilitate
gene introduction and improvement of the crop.
Fig. 1 Plant regeneration of P. angularis L. plants from
etiolated epicotyl-segments. Legend: (a–c) green adventi-
tious buds from pre-treated explants (arrows indicate ba:
explant basal position and ap: explant apical position) on
MS + B5 plus 5.0 lM TDZ, (d) micro-shoots (see the
arrow mark ms) differentiation after 4 weeks of 2.5 lM
BAP medium, (e) multiple shoots (see arrow ms) continue
to proliferate on shoot multiplication, (f–h) excisable
whole multiplied shoots (arrow mark wms) developing
from multiplication medium, (i–k) cluster of multiplied
shoots (ms) and elongated multiple shoots (els) on
multiplication medium, (l, m), Healthy-elongated shoots
(els) up to 7 cm in long on medium comprising GA3,
AgNO3 and IBA, (n) in vitro-regenerated shoots (sh) with
adventitious roots (adr), (o) regenerated adzuki bean plant
with flowers and pods (flp). Bars: 10 mm (a–o)
b
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In general, our results confirmed earlier obser-
vations that using initial dark incubation period
(Veltcheva and Svetleva 2005), age of donor
seedlings (Saini and Jaiwal 2002), and preculture
of explants on liquid medium with phytohor-
mones (Piatczak et al. 2005; Veltcheva and
Svetleva 2005) help to improve regeneration
efficiency. Although there were reports in
V. angularis via Agrobacterium mediated trans-
formation using epicotyl explants (Yamada et al.
2001, 2005; Khalafalla et al. 2005), our present
studies deviates from earlier report where, we
used pre-culture treatments using liquid medium
followed by solid culture, and we used TDZ and
BAP as the cytokinins with lower concentration
to enhance the frequency of shoot regeneration
via organogenesis that will be useful for further
studies.
TDZ and BAP play crucial role with liquid
medium pretreatment in shoot bud regeneration
via organogenesis. The successful reports on
regeneration in legumes were achieved using
various cytokinins, BAP (Avenido and Hattori,
2000; Saini and Jaiwal 2002), TDZ (Kaneda et al.
1997; Das et al. 1998; Yoshida 2002), KIN (Saini
and Jaiwal 2002), 2iP (Genga and Allavena 1991;
Saini and Jaiwal 2002), Zeatin (Genga and Alla-
vena 1991), and CPPU (Mohamed et al. 1992),
which highly promoted diverse effect in their
efficiency according to genotype dependence.
Therefore, we studied the effects of TDZ and
BAP on in vitro plant regeneration in three
commercial P. angularis cultivars KS-6, KS-7 and
KS-8.
More recently, Cruz de Carvalho et al. (2000)
reported that the efficacy of thidiazuron (TDZ)
Table 5 Influence of GA3, AgNO3 (12.5 lM) and IBA (0.4 lM) on shoot elongation from multiplied shoots of
P. angularis L.
Shoot elongation (%) Average length of shoots
(cm)
KS-6 KS-7 KS-8
GA3 (lM)
0 0 0 0 0
2.0 33.8 ± 1.33c 33.4 ± 1.91c,d 39.4 ± 0.58c 4.8 ± 0.07c
4.0 46.0 ± 2.48b 46.4 ± 1.23b 51.2 ± 2.28b 5.5 ± 0.2b
6.0 30.0 ± 2.64c,d 30.8 ± 2.54c 35.0 ± 1.15c,d 4.8 ± 0.12b,c
8.0 18.2 ± 0.76e 18.0 ± 0.76e 25.0 ± 1.15e 3.5 ± 0.35d
GA3, AgNO3, IBA (lM)
4.0 12.5 0.4 54.4 ± 2.5a 55.6 ± 1.93a 64.0 ± 0.82a 7.0 ± 0.17a
Each experiment consisted of five replicates and the data were represented as mean ± S.E with significance being
determined at P < 0.05 level using DMRT
Table 4 Effect of 2.5 lM BAP on the frequency of
multiple shoot regeneration in P. angularis from the
adventitious bud-initiated explants
Cultivars Shoot bud
Induction
(%)
Average number
of multiple
shoots/explant
after 3 weeks
Mean shoot
length (cm)
KS-6 30.6 ± 3.3c 21.2 ± 2.28c 3.58 ± 0.21b
KS-7 34.6 ± 2.06b 23.4 ± 1.91b 3.72 ± 0.34a,b
KS-8 65.2 ± 4.27a 33.8 ± 2.54a 3.90 ± 0.28a
Each experiment consisted of five replicates and the data
were represented as mean ± SE with significance being
determined at P < 0.05 level using DMRT
Table 3 Effect of light or dark conditions during pre-
culture and adventitious bud induction from the epicotyl
cutting
Pre-culture
conditions
During explant
incubation
Mean number of buds per explant
KS-6 KS-7 KS-8
Light
5.0 lM BAP 10.4 ± 1.21c,d 9.6 ± 1.21c,d 9.8 ± 0.96c,d
5.0 lM TDZ 23.8 ± 1.71b 20.6 ± 1.86b 25.2 ± 3.25b
Dark
5.0 lM BAP 16.0 ± 1.14c 17.6 ± 2.31c 18.0 ± 1.1c
5.0 lM TDZ 30.6 ± 3.3a 34.6 ± 2.06a 65.2 ± 4.27 a
Each experiment consisted of five replicates and the data
were represented as mean ± SE with significance being
determined at P < 0.05 level using DMRT
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P. angularis 
5-days-old seedling germinated 
on basal MS+B5 medium 
Collection of etiolated explants 
from different cultivar seedlings
Initiation of buds on both cut ends 
Proliferation of buds 
(forming multiple clumps) 
Elongation of regenerated shoots 
Rooted shoots 
Transfer to greenhouse 
(flower with pods) 
TDZ/BAP 5.0 M  
(Pre-treated with liquid medium) 
BAP 2.5 M 
GA3 4.0 M + AgNO3 12.5 M + IBA 0.4 M 
IBA 4.5 M (pulse-treated for 10mins) 
After hardening 
Weeks 
1 
2 
Seed germination 
5 
8 
10 
12 
17 
Fig. 2 Step-wise
procedure for
organogenesis from
etiolated-hooks of
P. angularis L. using three
different cultivars
Table 6 Effect of different concentration of IBA or pulse treatment, 10 min in in vitro rooting of regenerated shoots of
P. angularis L. from etiolated epicotyl segments
Concentration of IBA lM % Rooting Mean no. of roots/explant Mean length of root (cm)
solid pulse-treated solid pulse-treated solid pulse-treated
0.0 0 0 0 0 0 0
2.5 65.0 ± 1.31d 82.8 ± 1.98d 4.6 ± 0.12d 20.4 ± 2.23c,d 7.3 ± 0.56c 18.2 ± 0.93b,c
4.5 73.8 ± 2.64a 98.4 ± 0.43a 7.0 ± 0.3a 24.2 ± 0.99a,b 9.1 ± 0.67a 22.3 ± 1.53a
6.7 73.0 ± 2.76a,b 96.0 ± 0.58a,b 6.2 ± 0.85a,b 24.4 ± 2.38a 9.0 ± 0.42a,b 19.4 ± 1.08b
8.0 69.2 ± 1.15b,c 94.4 ± 0.99b 5.8 ± 0.37b 21.6 ± 1.57c 8.8 ± 0.42b 16.9 ± 1.25d
9.0 69.6 ± 1.09b 88.8 ± 2.46c 5.6 ± 0.58b,c 20.0 ± 1.72d 7.3 ± 0.56c 16.5 ± 1.88d,e
Each experiment consisted of five replicates and the data were represented as mean ± SE with significance being deter-
mined at P < 0.05 level using DMRT
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on direct multiple shoot formation from tTCLs.
Similar results were reported in the present study,
where the explants pre-cultured with MS liquid
medium containing 5.0 lM TDZ and further
subcultured on the same medium resulted in
developing shoot buds, which is attributed that
TDZ mimics the effects of cytokinins on organ-
ogenesis. Further, our results strongly suggest that
liquid culture changes the physiological nature of
Phaseolus angularis explants. This is because the
explants are completely submerged in the liquid
medium, where they apparently uptake nutrients
and growth hormones that favors the develop-
ment of organogenesis. These results are consis-
tent with those of Piatczak et al. (2005), who
studied the effect of IAA and BAP on efficient
shoot multiplication using shoot tips of Centauri-
um erythraea cultured in liquid medium. They
also found that liquid medium result in a 3-fold
increase in the number of microshoots per ex-
plant, and the amount of time required for shoot
development was 4 weeks. Previously, Yoshida
(2002) have observed that too much contact of
the explants into the medium may inhibit adven-
titious shoot formation in soybean. This may
suggest that there is a considerable variation
existed between different types of explants in
their ability to form shoots.
In earlier studies on Phaseolus, whether the
shoot buds obtained on medium containing BAP
(Santalla et al. 1998) or TDZ (Mohamed et al.
1992; Malik and Saxena 1992; Dillen et al. 1996;
Cruz de Carvalho 2000), multiplication was
obtained only when the explants were shifted to
medium with IAA + TDZ (Dillen et al. 1996;
Zambre et al. 2001) or IAA + BAP (Veltcheva
and Svetleva 2005) or NAA alone or in combi-
nation with TDZ (Veltcheva and Svetleva 2005)
or with lower amount of Paclobutrazol. It is
interesting to note that increasing the concentra-
tion of TDZ (>20 lM) in the medium did mark-
edly affect the frequency of regeneration in
Phaseolus angularis from 65.2% to 23.4% and
failed to develop normal plantlets. This is in
contrast to earlier reports that TDZ 10 lM was
shown to be optimal for inducing organogenesis
in Pisum sativum (Bhomer et al. 1995; Malik and
Saxena 1992) and Cicer arietinum (Murthy et al.
1996).
For instance, BAP at 30–80 lM did affect the
frequency of shoot bud differentiation in Phase-
olus seedlings (Malik and Saxena 1992). Whereas
in the present study, when pretreated explants
were cultured in solidified medium with concen-
tration of either 5.0 lM TDZ nor 5.0 lM BAP for
21 days, many micro shoots appeared from both
the cut ends, however, the mode of morphogenic
pathway at both the ends differed. Similar results
in shoot regeneration efficiency were observed
with 5.0 lM BAP in Vigna mungo whereas sup-
plementation of 5.0 lM TDZ in the medium
failed to induce shoot from explants but instead
promoted callus (Saini and Jaiwal 2002).
For shoot organogenesis the subculture med-
ium containing TDZ was essential, while BAP
without any other hormones could stimulate bud
regeneration and multiplication. It is well known
that TDZ suppresses the shoot growth of apical
meristems and instead induces profuse formation
of lateral shoot meristems resulting in multiple
shoots (Tzitzikas et al. 2004). Further more, it has
also been suggested that TDZ may be involved in
the synthesis and/or accumulation of cytokinins in
plant tissue culture (Capelle et al. 1983; Cruz de
Carvalho et al. 2000).
We found BAP to be a more effective
enhancer for bud multiplication and subsequent
formation of normal shoots when compare with
TDZ enriched medium. Shoot buds appeared as
small clusters at both regions of the explants.
Only very few elongated shoots were obtained
from the low concentration of TDZ treatment
and these shoots seems to be abnormal, which
have been attributed to the detrimental effects of
the TDZ. Therefore, shoot multiplication can be
manipulated by altering the type and concentra-
tion of hormone, and the timing of its presence in
the multiplication medium. From our experiment,
we also found that long exposure of Phaseolus
angularis to TDZ inhibited the capacity of shoot
multiplication. This is in agreement with Tzitzikas
et al. (2004), who have shown that long exposure
of pea to either TDZ or BAP suppressed the
capacity of shoots to form adventitious roots.
The adventitious shoot buds could be subse-
quently grown on a shoot multiplication medium,
which showed further proliferation of shoots in
the same manner as do shoots derived from
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explants. On the other hand, Tegeder et al. (1995)
found that TDZ strongly inhibited shoot devel-
opment that could be overcome simply by
exchanging TDZ by 0.5 mg/l BAP in Vicia faba.
Similar observations were made in this study,
where shoot buds differentiated on MSB5 med-
ium containing TDZ or BAP and further sub-
culture on the shoot multiplication medium
containing BAP at 2.5 lM resulted in shoot
multiplication and elongation. It is assumed that
shoots might be stimulated by the minimal effect
of BAP that regulate different shoot develop-
ment. Cruz de Carvalho et al. (2000) found that
BAP with AgNO3 had a synergistic effect on
enhanced shoot regeneration in P. vulgaris. They
also found that when BAP was used alone, only
63.8% of the shoots developed with a length
range of 1.3–1.7 cm whereas when it was applied
on combination with AgNO3, 100% of the shoots
developed (1.8–2.9 cm length). Our approach was
not similar with the reported morphogenetic
effect of BAP on inducing shoot regeneration in
P. angularis. More than 75% shoots/explant were
achieved when continuously maintained on BAP
augmented medium every 2 weeks, however, only
95% of the shoots developed into normal plants
in Glycine max (Shan et al. 2005).
Our study revealed that MSB5 medium con-
taining 2.5 lM BAP was essentially required to
induce multiple shoot development in selected
explants and such multiplied shoots could be
elongated further on media containing 4.0 lM
GA3, 0.4 lM IBA, and 12.5 lM AgNO3. These
results are consistent with those of Olhoft et al.
(2003), who studied effects of GA3, Zeatin,
AgNO3 at respective amounts on elongation and
further growth in Glycine max. They also noted
that AgNO3 increased shoot production, and the
overall health of the callus/shoot during first
2 weeks of shoot elongation medium. Whereas in
Pistacia versa by Ozden-Tokatli et al. (2005) the
highest regeneration frequency (100%) was
recorded on MS solidified medium containing
9.0 lM BAP, 0.2 lM GA3 and 24.0 or 48.0 lM
AgNO3 in combination. Well-elongated shoots
were observed when we used 4.0 lM GA3.
Transfer of these elongated shoots onto medium
with 4.5 lM IBA, however, led to produce limited
number (5–7) of rooting response within a period
of 3 weeks. We have also observed the best
rooting (about 98%), was achieved when IBA
pulse-treated for 10 min, followed by culture to
solidified hormone-free medium. Our results are
in agreement with Nagori and Purohit (2004),
who observed that high efficiency of rooting
occurred by (15–45 min) pulse treatment with
IBA for 15–45 min. About 85–90% of the
regenerated plants transferred to the greenhouse
survived and produced normal pods with viable
seeds.
In conclusion, we have presented a simple,
reliable and efficient regeneration system for
P. angularis from the non-meristematic etiolated
explants (epicotyl), on specific medium (MSB5)
containing either 5.0 lM TDZ or BAP as the
universal growth regulators. Morphogenic path-
ways of shoot regeneration at the cut ends of
etiolated segments are determined by explant
age, initial dark condition in liquid medium either
with TDZ or BAP pre-treatment. As all three
cultivars responded well to multiplication of tar-
get tissue at a high efficiency, this system seems to
be less genotype dependent. Regeneration from
direct explant tissue surface is likely to be good
for genetic transformation of this crop. The
duration of entire procedure reported here,
starting with the explants excision to the seed-
setting pods requires 3–4 months.
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